Background and Purpose-In patients with acute ischemic stroke caused by large artery atherosclerosis, clopidogrel plus aspirin versus aspirin alone might be more effective to prevent recurrent cerebral ischemia. However, there is no clear evidence. Methods-In this multicenter, double-blind, placebo-controlled trial, we randomized 358 patients with acute ischemic stroke of presumed large artery atherosclerosis origin within 48 hours of onset to clopidogrel (75 mg/d without loading dose) plus aspirin (300-mg loading followed by 100 mg/d) or to aspirin alone (300-mg loading followed by 100 mg/d) for 30 days. The primary outcome was new symptomatic or asymptomatic ischemic lesion on magnetic resonance imaging within 30 days. Secondary outcomes were 30-day functional disability, clinical stroke recurrence, and composite of major vascular events. Safety outcome was any bleeding. Results-Of 358 patients enrolled, 334 (167 in each group) completed follow-up magnetic resonance imaging. The 30-day new ischemic lesion recurrence rate was comparable between the clopidogrel plus aspirin and the aspirin monotherapy groups (36.5% versus 35.9%; relative risk, 1.02; 95% confidence interval, 0.77-1.35; P=0.91). Of the recurrent ischemic lesions, 94.2% were clinically asymptomatic. There were no differences in secondary outcomes between the 2 groups. Any bleeding were more frequent in the combination group than in the aspirin monotherapy group, but the difference was not significant (16.7% versus 10.7%; P=0.11). One hemorrhagic stroke occurred in the clopidogrel plus aspirin group. Conclusions-Clopidogrel plus aspirin might not be superior to aspirin alone for preventing new ischemic lesion and clinical vascular events in patients with acute ischemic stroke caused by large artery atherosclerosis. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00814268.
D ual antiplatelet therapy that simultaneously blocks different platelet-activation pathways would more potently inhibit platelet activation and more effectively reduce the risk of ischemic vascular events compared with antiplatelet monotherapy. In contrast to acute coronary syndrome trials, several large stroke trials and a meta-analysis have failed to demonstrate the superior efficacy of dual antiplatelet therapy over antiplatelet monotherapy, but the risk of major bleeding increased with dual antiplatelet therapy. [1] [2] [3] [4] Enrolling patients with a lower risk of recurrence and initiating treatment after a high-risk period might account for the failures. CHANCE (Clopidogrel in High-Risk Patients With Acute Non-Disabling Cerebrovascular Events) trial and a following meta-analysis showed that clopidogrel plus aspirin versus aspirin alone initiated in early period significantly reduced risk of recurrent stroke without increasing major bleedings. 5, 6 However, the CHANCE trial exclusively enrolled Chinese patients who have a higher risk of stroke compared with other populations, and risk factor control for secondary stroke prevention during the trial was inadequate. 5 Therefore, it has been on debate whether the findings of the CHANCE trial might be applied to other populations.
The risk of recurrent ischemic stroke is high during the early period after stroke onset, and patients with large artery atherosclerosis (LAA) had the highest risk of early recurrence. 7 Early ischemic lesion recurrence on magnetic resonance imaging (MRI) was much more frequent than clinical stroke recurrence, 8, 9 and most frequently observed in patients with LAA. 10, 11 The pathogenetic mechanisms leading to new ischemic lesion seen on MRI and clinical ischemic stroke recurrence would be almost identical. In addition, new lesion recurrence predicted long-term clinical stroke recurrence. 11 Therefore, MRI end points would be useful for primary end points in proof-of-concept trials testing secondary stroke prevention therapies and acute stroke therapies. 12 The COMPRESS (Combination of Clopidogrel and Aspirin for Prevention of Recurrence in Acute Atherothrombotic Stroke Study) trial aimed to compare clopidogrel plus aspirin versus aspirin alone for the prevention of recurrent ischemic lesion on MRI within 30 days in patients with acute ischemic stroke of presumed large artery atherothrombotic origin.
Methods

Trial Design
In this multicenter, prospective, randomized, double-blind, placebocontrolled trial, we compared clopidogrel plus aspirin with aspirin alone in patients with acute ischemic stroke of presumed large artery atherothrombotic origin within 48 hours of onset. Eligible patients were randomly allocated to clopidogrel (75 mg once daily without loading dose) plus aspirin (loading dose of 300 mg followed by 100 mg once daily) or placebo (matched to clopidogrel for taste, color, and size) plus aspirin (loading dose of 300 mg followed by 100 mg once daily) for 30 days in a 1:1 ratio stratified by centers and time to randomization (<24 versus 24-48 hours). Randomization was performed centrally by a computer-generated randomization sequence. All patients received the best medical therapy recommended by current practice guidelines. Concomitant use of additional antiplatelet agents or anticoagulants was not allowed during the trial.
Before randomization, all study subjects had baseline MRI including diffusion-weighted imaging, conventional T1, gradient-recalled echo, and fluid-attenuated inversion recovery and vascular imaging of intra-/ extracranial MR angiography or computed tomographic angiography. At 7 (±2) days and 30 (±5) days, we evaluated new ischemic lesions on diffusion-weighted imaging and fluid-attenuated inversion recovery. MRI sequence parameters were standardized across centers. Clinical assessments including National Institutes of Health Stroke Scale score and the modified Rankin Scale (mRS) score were performed at baseline and at 30 days ( Figure I in the online-only Data Supplement).
The trial was approved by the institutional ethics committee of each participating institution, and all patients provided written informed consent. The study was registered with Clinicaltrials. gov registration (NCT00814268) and was conducted and reported with fidelity to the study protocol. The trial was a sponsor-initiated trial and sponsored by Sanofi-Aventis Korea and BMS Korea. Representatives of the sponsors participated in the design and conduct of the trial, but academic investigators were allowed to access to the data after the agreement of confidentiality, took the primary responsibility for the completeness, accuracy, and analysis of the data, wrote the draft, and decided to submit the article after the agreement with the sponsors. The independent data and safety board monitored the study conduct.
Study Population
Patients were eligible for participation in the trial if they were ≥30 years of age, had acute ischemic stroke confirmed by diffusionweighted imaging, had atherosclerotic stenosis relevant to the index stroke on MR angiography or computed tomographic angiography (extracranial carotid stenosis >30% by the NASCET [North American Symptomatic Carotid Endarterectomy Trial] method and intracranial stenosis at the discretion of responsible physician), and were able to receive study medications within 48 hours from symptom onset. Key exclusion criteria were presumed cardioembolic stroke or small-vessel occlusion, previous history of nontraumatic intracranial bleeding, coexisting brain lesions such as intracranial bleeding or brain tumor, planned conventional angiography, vascular intervention, or surgery before the end of study, bleeding diathesis or coagulopathy, contraindications to antiplatelet therapy, pregnancy or lactation, or receiving thrombolytic therapy. Detailed inclusion and exclusion criteria are provided in the Table I in the online-only Data Supplement.
Outcomes
The primary outcome was new symptomatic or asymptomatic ischemic lesion(s) within 30 days, as confirmed by diffusion-weighted imaging or fluid-attenuated inversion recovery at days 7 and 30. For patients who had clinical stroke or intracranial bleeding before the end of trial, MRI was evaluated at the time of the stroke occurrence. Two investigators (C.H.S. and J.L.) of the independent imaging review core laboratory independently assessed the MRI data blinded to the treatment allocation and clinical data. Discrepancies between the 2 investigators were resolved by consensus. Secondary efficacy outcomes were disability measured by the mRS, clinical stroke recurrence, and composite of stroke, myocardial infarction, and vascular death at 30 days. Safety outcomes were any bleedings, which were further categorized as lifethreatening (death related to hemorrhagic complications, decrease of hemoglobin level >5 g/dL, hypovolemic shock because of bleeding, symptomatic intracranial hemorrhage, or requiring the transfusion of ≥4 units of blood), major bleeding (intraocular hemorrhage, significant disability by bleeding, or requiring the transfusion of ≤3 units of blood), or minor bleeding. The independent adjudication committee confirmed clinical events before breaking the randomization codes.
The primary efficacy analysis was undertaken in the intention-totreat population, which included randomized patients who took at least 1 dose of study medications, completed final MRI evaluation, and did not withdraw informed consent. In addition, we compared the primary outcome between the 2 groups for prespecified subgroups and examined the effect of treatment-by-subgroup interaction.
Safety analysis included all patients who took at least 1 dose of study medications and was performed based on actual treatment (2 patients who were randomized to clopidogrel plus aspirin but received aspirin monotherapy were included in the aspirin monotherapy group in the safety analysis). In the planned interim analysis conducted after the completion of 180 patients, the primary efficacy outcome did not differ between the 2 groups (P=0.754). During the trial, we conducted an unplanned safety analysis for 295 patients because of the safety concern of clopidogrel plus aspirin from the SPS3 (Secondary Prevention of Small Subcortical Strokes) trial that exclusively enrolled lacunar strokes. 3 The rates of any bleeding were not different between the 2 groups (P=0.083), and the independent data and safety committee decided to allow further enrollment. All statistical analyses were performed with the use of SAS software, version 9.3 (SAS Institute).
Results
Characteristics of the Study Population
Between January 2009 and April 2012, 358 patients were randomized (178 in the clopidogrel plus aspirin group and 180 in the aspirin monotherapy group) at 20 centers in Korea. After randomization, 6 patients did not receive treatment and 3 patients withdrew consent. Of the remaining 349 (clopidogrel plus aspirin, n=174; placebo and aspirin, n=175) patients, 334 patients who completed follow-up MRI (167 patients for each arm) were included in the primary efficacy analysis, and 352 patients (clopidogrel plus aspirin, n=174; placebo and aspirin, n=178) were included in the safety analysis ( Figure 1 ). Detailed data on the numbers of patients included in each outcome analysis are provided in the Table II in the online-only Data Supplement. The baseline demographics and stroke characteristics were well balanced between the 2 groups ( Table 1 ). The mean age was 66.1 (SD, 11.7) years, and 36.4% of the patients were women. The median National Institutes of Health Stroke Scale score at baseline was 3. Ischemic stroke subtypes were LAA in 341 (97.7%) patients and stroke of other determined or undetermined etiology in 8 (2.3%) patients. Of the 349 patients, 238 (68.2%) patients had symptomatic intracranial stenosis, and 76 (21.8%) were randomized with 24 hours from stroke onset. There were no differences in the territory and location of the index stroke and the distribution of arterial stenosis between the 2 groups except for more pontine and cerebellar infarcts in the clopidogrel plus aspirin arm (Tables III-V in the onlineonly Data Supplement) . During the trial, days covered by study medication were comparable between the 2 groups (Table VI in the online-only Data Supplement).
Primary Outcome
The primary outcome of new symptomatic or asymptomatic ischemic lesions on MRI within 30 days occurred in 61 of the 167 patients in the clopidogrel plus aspirin group (36.5%) and in 60 of the 167 in the placebo and aspirin group (35.9%), and the difference was not statistically significant (relative risk, 1.02; 95% confidence interval [CI], 0.77-1.35; P=0.91; Table 2 ). Of the 121 patients with the recurrent ischemic lesions, 114 (94.2%) were clinically asymptomatic. The recurrent lesions were found in the same vascular territory of the qualifying stroke in 87.6%, <10 mm in diameter size in 69.4%, multiple in 42.1%, and presumed of LAA origin in 88.4%. The characteristics of the recurrent ischemic lesions did not differ between the 2 groups (Table VII in the onlineonly Data Supplement).
In all predefined subgroups, there were no significant interactions between the treatment and any of the 14 predefined subgroups (Table VIII and Figure II in the online-only Data Supplement). Even in patients randomized within 24 hours, the reduction of primary outcome with clopidogrel plus aspirin compared with aspirin alone was not significant (relative risk, 0.62; 95% CI, 0.32-1.18; P=0. 14) , and there was no interaction between treatment and time to randomization (P=0.080). 
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Secondary Outcomes
At 30 days, the clopidogrel plus aspirin group versus the aspirin monotherapy group did not differ in the distribution of mRS scores (shift analysis: odds ratio, 1.10; 95% CI, 0.74-1.64; P=0.65) and in the proportion of patients who achieved mRS score of 0 to 2 outcome at 30 days (odds ratio for mRS score of ≤2, 0.73; 95% CI, 0.44-1.20; P=0.21; Table 2 ; Figure 2 
Bleeding Events
Any bleeding events were more frequent in the clopidogrel plus aspirin group than in the aspirin monotherapy group, but the difference was not statistically significant ( Table 3 ).
Discussion
In this trial enrolling patients with acute ischemic stroke of presumed large artery atherothrombotic origin within 48 hours of onset, adding clopidogrel to aspirin for 30 days compared with aspirin alone did not reduce the risk of developing new ischemic lesion on MRI, clinical stroke recurrence, composite major vascular events, and functional disability. Although there was no statistical significance, the rates of bleeding event and mortality were numerically higher in the dual antiplatelet group than in the aspirin monotherapy group. Our negative results are in contrast to the findings observed in CHANCE, which showed the benefit of clopidogrel plus aspirin for 21 days followed by clopidogrel alone over aspirin alone in terms of recurrent stroke and major vascular events. CHANCE enrolled patients with high-risk transient ischemic attack (TIA) or minor stroke (ischemic stroke subtypes were undetermined) within 24 hours (50% within 12 hours) and used a loading dose of 300 mg of clopidogrel. In contrast, our trial used a broader time window of 48 hours because MRI and MR angiography/computed tomographic angiography evaluation was required for patient selection. As a result, we were able to randomize only 21.8% of the patients within 24 hours. Although it was not statistically significant, there was a trend of interaction between treatment and time to randomization or time to treatment within 24 versus ≥24 hours ( Table  VIII in the online-only Data Supplement). In addition, we did not use a clopidogrel loading dose because of safety concern. Without a loading dose, maximum inhibition of ADP-induced platelet aggregation with daily doses of clopidogrel 75 mg has been shown to be achieved after 3 to 7 days in healthy subjects. 14 Therefore, we might miss the highest risk period when the benefit of dual antiplatelet therapy would be greatest. Except for CHANCE, no trial demonstrated the clinical benefit of clopidogrel plus aspirin over aspirin alone in acute ischemic stroke. In the FASTER (Fast Assessment of Stroke and Transient Ischemic Attack to Prevent Early Recurrence) enrolling patients with TIA or minor stroke within 24 hours, clopidogrel plus aspirin was not superior to aspirin alone for reducing recurrent stroke and major vascular events. 15 In an earlier meta-analysis that did not include the CHANCE data, the benefit of clopidogrel plus aspirin over aspirin alone was not significant for recurrent stroke and composite of major vascular event. 16 In the CHANCE trial, the risk factor control rates during the follow-up were insufficient: antihypertensive agents in 35%, lipid-lowering agents in 42%, and antidiabetic agents in 13%, but traditional Chinese drugs in 25%. Therefore, the findings observed in CHANCE might not be replicated in populations with a higher adherence to risk factor control.
In patients with acute coronary syndrome, clopidogrel plus aspirin was superior to aspirin alone for preventing cardiac or major vascular events. 17, 18 Among stroke subtypes, ischemic stroke caused by LAA might be most comparable to acute coronary syndrome. In 2 small trials enrolling patients with acute symptomatic large artery stenosis, clopidogrel plus aspirin was superior to aspirin alone in preventing micorembolism detected on transcranial Doppler ultrasound. 19, 20 In SAMMPRIS (Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis), patients assigned to the medical therapy received clopidogrel plus aspirin for 90 days, and their recurrent stroke risk was much lower than observed among patients treated with aspirin monotherapy in the earlier WASID (Warfarin-Aspirin Symptomatic Intracranial Disease) trial. However, the intensity of risk factor control including high-intensity stain therapy and tight blood pressure control was greater and more comprehensive in SAMMPRIS than in WASID, which were likely to substantially contribute to the lower recurrent stroke risk than expected in the medical therapy group. 21, 22 Therefore, in patients with symptomatic large artery stenosis, no randomized trial has confirmed the superiority of clopidogrel plus aspirin over aspirin alone. In the subgroup analysis of the CHANCE trial including 1089 patients with MR angiography images available, clopidogrel plus aspirin was not superior to aspirin alone for preventing recurrent stroke in those with and without intracranial stenosis. Of note, these patients had a lower recurrent stroke rate and higher rates of antihypertensive and lipid-lowering treatment than the overall CHANCE patients. 23 In our trial using an imaging surrogate marker for recurrent cerebral ischemic injury, we could not find any signal of benefit with clopidogrel plus aspirin over aspirin monotherapy in patients with acute ischemic stroke caused by LAA.
In this trial, the risk of life-threatening or major bleeding with clopidogrel plus aspirin compared with aspirin alone increased by >3-fold. Although there was no statistical significance, low statistical power might account for the nonsignificance. In the clopidogrel plus aspirin group, the 30-day rate of life-threatening or major bleeding was 4.0%, which was higher than 0.3% of the clopidogrel plus aspirin group in CHANCE (severe or moderate bleeding by the GUSTO [Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries] definition). The 30-day risk of hemorrhagic stroke in the dual therapy group of this study was 0.6%, which was also greater than the 90-day hemorrhagic stroke risk of 0.3% in CHANCE. The differences in stroke severity (median National Institutes of Health Stroke Scale score of 3 versus TIA or minor stroke with National Institutes of Health Stroke Scale score <4) and age (median age, 67 versus 62) between our trial and CHANCE might, in part, account for the difference in bleeding risks. 5 In FASTER, the 90-day rate in the clopidogrel plus aspirin arm was 1.0% for intracranial hemorrhage and 3.0% for any symptomatic hemorrhage. 15 Therefore, the safety of short-term clopidogrel plus aspirin observed in CHANCE might not be generalized to broad range of patients with acute ischemic stroke.
The balance between ischemic and bleeding risks would be critical for choosing antiplatelet strategy. In our study, the 30-day rate of life-threatening or major bleeding in the clopidogrel plus aspirin was 4.0%, which was higher than the 30-day composite of major vascular event risk of 2.4% in the clopidogrel plus aspirin group and 3.6% in the aspirin group. Therefore, concern remains on clopidogrel plus aspirin for patients with acute ischemic stroke, particularly for Korean patients.
In the current study, we found that overall 35.2% of patients had ischemic lesion recurrence within 30 days: the rate of 36.5% in the clopidogrel plus aspirin arm was higher than expected and that of 35.9% in the aspirin arm was lower than expected. In earlier studies, among patients who had an acute ischemic stroke caused by LAA and performed MRI within 24 hours from onset, the rate of new ischemic lesion recurrence was 50.0% within 7 days 10 and 61.1% within 90 days. 11 Our finding along with those of the earlier studies indicates that patients with acute ischemic stroke with LAA are at high risk of subsequent cerebral ischemic injury. The incidence of lesion recurrence on MRI compared with the recurrent clinical stroke incidence was approximated 15-fold greater in this study and 7.8-to 12-fold greater in earlier studies. 10, 11 In a population-based, longitudinal cohort study, elderly people with new ischemic lesion on follow-up MRI had a greater cognitive decline, but only 11.4% of those with new ischemic lesion had a clinical stroke or TIA. 24 Therefore, despite of no apparent clinical stroke recurrence in most cases, recurrent ischemic lesion would be of clinical importance.
This study has several limitations. Any stenosis in the intracranial artery and >30% stenosis in the extracranial artery were eligible if the qualifying ischemic lesion was relevant to the territory of the arterial stenosis, it was not a small subcortical lesion, and no evidence of cardioembolic source was found at the time of randomization. Our broad criteria that were made by the consensus of the investigators would be subject to debate. This is a surrogate marker study, and the findings should be confirmed by a large randomized trial that uses an adequate clinical end point as a primary end point. More than 3 quarters of patients were enrolled between 24 and 48 hours from stroke onset, and we did not use a loading dose of clopidogrel. Therefore, the effect of dual antiplatelet therapy initiated in hyperacute stage was not fully explored. The follow-up duration was 30 days, which might be insufficient to detect a treatment effect for new ischemic lesion and particularly for clinical events. The ongoing POINT (Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke) trial, which will enroll 5840 patients with high-risk TIA or minor stroke within 12 hours and uses 600-mg clopidogrel loading, would appropriately determine whether more aggressive antithrombotic therapy with clopidogrel plus aspirin versus aspirin alone, when initiated acutely, is more effective to prevent subsequent ischemic events. 25 
Summary
In patients with acute ischemic stroke of presumed cause of LAA, clopidogrel plus aspirin might not be superior to aspirin alone for the prevention of recurrent ischemic lesion and clinical vascular events.
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